We analyzed the ASCA data of Her X-1 obtained during the EXTENDED LOW intensity state on 1993 August 13 and August 28. Both observations cover orbital phases ranging from 0.7 to 1.25 including an X-ray eclipse. We nd that the eclipse spectrum is modeled by a single power-law with a photon index of 0.8 plus a soft black-body of kT 0:1 keV in the energy range of 0.5{10 keV. The estimated eclipse ux is (8:1 0:6) 10 ?12 ergs cm ?2 s ?1 (2{10 keV). The spectral shape is consistent with that obtained from the eclipse data of the MAIN HIGH with Ginga, although the ux is reduced by a factor of 3. Similarity of the eclipse spectra between the LOW and HIGH state suggests the presence of a steady circumstellar matter surrounding the Her X-1 system. We interpret the ux reduction in the LOW state due to time variations of the X-ray scattering site.
INTRODUCTION
Her X-1 (4U 1656+35), which has a pulse period of 1.24 s and an orbital period of 1.7 d, is one of the well known disk-fed binary X-ray pulsars. This source is also known to exhibit three characteristic intensity states during a quasi-periodic 35-d cycle: \MAIN HIGH", \SHORT HIGH", and \LOW" states. The SHORT HIGH denotes an increase in X-ray ux with a duration of 5 days at the phase of 0.5. The ux of the SHORT HIGH corresponds to 30% of the MAIN HIGH and the ux of the LOW state to a few percent (Tananbaum et al. 1972; Jones & Forman 1976) . These states have been ascribed to occultation of the source X-rays by a tilted accretion disk, counter-precessing with the 35-d cycle (Gerend & Boynton 1976; Ogelman et al. 1985; Petterson, Rothschild, & Gruber 1991) .
The pulse-averaged spectra of the high intensity states have been studied extensively in the energy band 2{20 keV, and have been successfully tted by a model of a single power-law with an exponential high-energy cuto (White, Swank, & Holt 1983; Nagase 1989 and references therein). However, analysis of the LOW state spectrum (Mihara et al. 1991; Mihara & Soong 1994; Vrtilek et al. 1994) , requires a combination of two power-laws, one for scattered X-rays by an accretion disk corona and the other for X-rays absorbed by intervening matter. An intense soft X-ray ux, which is interpreted as a black-body spectrum of kT = 0.11 keV, has also been observed below 1 keV (McCray et al. 1982; Mavromatakis 1993) . In addition to the above continuum features, an iron emission line is always present around 6.4 keV through the 35-d period. According to Choi et al. (1994b) , the line ux behavior is consistent with the modulation pattern of the continuum X-rays. Furthermore, Mihara & Soong suggested from the recent ASCA observations of Her X-1 that there are unidenti ed emission lines at 0.9{1.1 keV on the LOW state spectrum. These line features could not have been detected by previous missions because due to insu cient { 4 { energy resolution and/or enough detection e ciency in the energy range of 0.5{2.0 keV. Some evidence which may suggest a mass loss has been revealed from the earlier Her X-1 observations: small but signi cant residual X-rays during an eclipse similar to a massive wind-fed binary (e.g., Vela X-1 and Cen X-3). An eclipse spectrum of the MAIN HIGH state of Her X-1 obtained from the Ginga satellite was rst reported by Choi et al. (1994a) , where they showed that the eclipse spectrum could be modeled by a single power-law with the same photon index of the pre-eclipse spectrum. Based on this result, they suggested that electron scattering of the source continuum by highly ionized extended matter is responsible for the eclipse emission. Since an eclipse spectrum gives valuable information on the mass loss of X-ray binaries, it is important to examine the eclipse spectrum of the di erent intensity states to understand nature of the mass loss from the Her X-1 system. We investigate in this paper the eclipse spectra acquired at two di erent LOW states to con rm the presence of such extended matter, and to examine the conditions of the matter.
OBSERVATIONS AND LIGHT CURVES
ASCA observed Her X-1 twice during the Performance Veri cation phase on 1993 August 13 and August 28. The former corresponds to a MAIN HIGH state and the latter to a SHORT HIGH state. However, Her X-1 was in an EXTENDED LOW state during the two observations (see Vrtilek et al. 1994 for details). Some preliminary results of the former observation, light curve and energy spectrum obtained outside the eclipse, were presented by Mihara & Soong (1994) and Vrtilek et al. (1994) . For the two observations, the Solid State Imaging Spectrometers (SIS0 & 1) were operated in 1 CCD fast mode and the Gas Imaging Spectrometers (GIS2 & 3) in Pulse Height mode. Each SIS consists of 4 CCD chips (chip 0-3) with an energy resolution of about 2% (FWHM) at 6 keV and about 5% (FWHM) at 1.5 keV. The energy resolution of the GISs is about 7.7% at 6 keV. In the fast { 5 { mode of SIS, image information is not available, but the time resolution is increased to 16 ms. Due to the lack of image information, it is di cult to remove hot/ ickering pixels from the SIS data, which may produce arti cial structure in the energy spectra. Chip selection of SIS1 in August 28 observation was wrong due to an operation error, and hence only the data from SIS0 were available for this observation. Telemetry bit assignment of the GISs was changed between high and medium bit rate for both sets of observations. Standard bit assignment was used in high bit rate, but the time resolution was increased at the cost of position resolution in medium bit rate. Figure 1 shows energy dependent light curves observed with the ASCA/SIS0 in two energy bands, together with the hardness ratio between the 3.0{8.0 keV band and 0.5{3.0 keV band. The light curves observed with the GISs were entirely consistent with the SIS0. The data selection criteria were as recommended in The ABC Guide to ASCA Data Reduction (Day et al. 1995) . Because Her X-1 is a high galactic latitude source, we subtracted background using data which had been accumulated from several superposed blank sky observations. The background subtracted count rates of the SIS0 for the pre-eclipse and the eclipse phases (0.4{10 keV) are, respectively, about 0.6 counts/s and 0.1 counts/s on average. This ux of the pre-eclipse phase is a typical value of the LOW state (Mihara et al. 1991; Mihara & Soong 1994) . Each of the plotted points indicates the accumulated data with a time resolution of 300 s, and the typical uncertainty is about 10%. The observations cover orbital phase roughly from 0.7 to 1.25 including an eclipse transition. To nd the center of eclipse, we did t the light curve with a model function, but could not determine the mid-eclipse time accurately because of the gradual and asymmetric nature of the eclipse transition. So, we used the ephemeris of Deeter et al. (1991) and the known orbital parameters to calculate the center of eclipse. The calculated center of eclipses (phase 1.0) corresponds to MJD 49212.753 and MJD 49228.054, respectively.
From the light curves of the two observations, we can clearly see an eclipse ingress (orbital phase 0.90{0.94) and an egress (1.06{1.10) particularly in the soft energy band. It shows a smooth ux variation and takes a few hours for both the ingress and the egress. We found no signi cant energy dependence about this feature in contrast to wind-fed X-ray pulsars such as Vela X-1 (Nagase et al. 1994 ) and Cen X-3 (Day & Tennant 1991; Nagase et al. 1992) . To estimate the timescale, we tted a model of a ramp function (see, e.g., Parmar et al. 1991) to the light curves in 0.5{3.0 keV. The duration of the ingress/egress was about 3 hours except for the egress of the latter observation, whose duration was about 7 hours. This result is in contrast with the fast ( 1 minute) ingress of eclipse during the MAIN HIGH state (Leahy 1995; Leahy & Yoshida 1995) . This provides clear evidence that the LOW state ux is associated with an extended site unlike the direct pulsating X-rays which originate from the neutron star surface.
SPECTRAL ANALYSIS AND RESULTS
We used the data from the intervals indicated as I1 and I2 in Figure 1 to derive the eclipse spectrum. When we calculated the energy spectra with SIS data, we used only the data from SIS0. SIS1 data, which were available only for August 13 observation, were found to have hot pixels around 0.8 keV, and were not very useful for the present analysis. The background subtracted eclipse ux of the SIS0 was about 0.1 counts/s, which was about a factor of 2 larger than the background ux. From this estimation, we con rm that the eclipse ux is not due to a uctuation of the X-ray background. The GISs's spectrum was extracted from event data within a circular radius of 10 arcmin centered on the source, and the SIS0 spectrum was derived from the whole chip. We checked rst the eclipse spectra obtained for August 13 and 28, and found no di erence between the two. Thus, we summed the two eclipse spectra, and the summed spectrum is used in the following analysis.
{ 7 { First, we employed a single power-law model, I E ? exp(? (E)N H ), to t the spectrum. However, this model did not provide an acceptable t to the data ( 2 = 211:8 for 115 degrees of freedom). Results of the tting showed a signi cant X-ray excess below about 0.7 keV, which implies the presence of an additional soft component. The soft X-ray excess is hard to interpret as the result of leaky absorption by a clumpy intervening matter or absorption by a warm absorber, because we see only scattered X-rays during the eclipse. McCray et al. (1982) have proposed that a black-body spectrum originates in a localized emission site, likely an inner accretion disk edge which intercepts and reprocesses the source X-rays. They calculated that ux of the reprocessed soft X-rays was an order of magnitude smaller than that of the source X-rays. The energy range of the ASCA/SIS covers the high energy part of the black-body spectrum observed with Einstein/OGS (McCray et al. 1982) and ROSAT/PSPC (Mavromatakis 1993) . Therefore, the soft X-ray excess component observed with ASCA may correspond to the soft black-body component. Hence, the eclipse spectrum was modeled as follows: where the model parameters are: E is the X-ray energy, kT and I bb are the temperature and the normalization of the black-body component, and I are the photon index and the normalization of the power-law component, (E) is the photoelectric absorption cross section, and N H is the hydrogen equivalent column density to interstellar/circumstellar absorption, respectively. Units of all the parameters are given in Table 1 with their best-t value. We do not include a high-energy turnover feature in this spectral model since the feature appears in the energy range above 15 keV for Her X-1 spectra. Figure 2 shows the eclipse spectra and the best-t model. From the parameter values listed in Table 1 , we obtain the following results. There is no substantial interstellar/circumstellar absorption; an upper limit of the absorption column density is { 8 { N H < 4 10 20 cm ?2 with the 90% con dence level. Systematic uncertainty of the SIS low energy calibration, which amounts to 2 10 20 cm ?2 in terms of N H , is included in the upper limit. The calculated ux of the soft black-body is 1:0 +3:0 ?0:5 10 ?12 ergs cm ?2 s ?1 (0.01{2.0 keV), where the errors are 90% con dence limit. We nd no clear evidence of emission lines including those detected in the LOW state spectrum outside the eclipse by Mihara & Soong (1994) . The total X-ray ux during the eclipse is (8:1 0:6) 10 ?12 ergs cm ?2 s ?1 (2{10 keV). This ux is a factor of 3 smaller than the ux during the eclipse in MAIN HIGH state (Choi et al. 1994a) . Unlike the non-eclipsed EXTENDED LOW state spectrum presented by Mihara & Soong, we could t the eclipse spectrum with a simple model: a single power-law with insigni cant low energy absorption plus a soft black-body. A single power-law may be more reasonable to explain the eclipse spectrum than the two power-laws adopted for the non-eclipsed EXTENDED LOW state spectrum by them, since an absorbed power-law component, which is interpreted as a forward-scattered emission of the direct beam from the neutron star (Mihara et al. 1991) , may be obscured by the optical companion during the eclipse.
DISCUSSION
We found that the eclipse ingress and egress in the EXTENDED LOW state show a smooth ux variation and the timescale is about 3 hours. This means that the X-ray emission region in the LOW state is extended, because such a long transition is not expected with only the atmospheric occultation of the source X-rays (see Leahy & Yoshida 1995) . Such an extended emission region is consistent with the idea that we see only the scattered X-rays in the LOW state. The residual ux during the eclipse indicates that the X-ray emission region may be larger than the size of HZ Her. In this case, the size of the emission region can be estimated from the eclipse duration (from middle of ingress to middle of egress). From the binary separation (6 10 11 cm), the eclipse duration may be converted to a linear size of about 6 10 11 cm (inclination angle of 90 is assumed). Thus, the size of the emission region is estimated to be 6 10 11 cm. This is a little larger than the size of HZ Her, and may be able to explain the residual ux during the eclipse ( 20 % of the pre-eclipse ux).
Since we have not detected signi cant absorption features in the eclipse spectrum, the plasma in the extended scattering region is considered to be highly ionized. From the spectral analysis, we determined an upper limit of the interstellar/circumstellar absorption column density N H < 4 10 20 cm ?2 . This is consistent with the result of ROSAT observations by Mavromatakis (1993) , where he estimated the absorption at N H 1 10 20 cm ?2 . On the other hand, the eclipse ux corresponding to 0:3 % of the MAIN HIGH ux requires hydrogen equivalent column density of 4 10 21 cm ?2 to explain it with an electron scattering model. This di erence is reconciled if the plasma is highly ionized. According to the Ginga observation in MAIN HIGH state, the spectrum is approximated by a single power-law with a photon index of 0.8{0.9. This spectral shape is the same as we obtained from the LOW state eclipse with ASCA. This also supports the interpretation of the highly ionized plasma.
The plasma in the scattering site may not be bounded in the Her X-1 system. Because we observed signi cant X-rays even in the mid-eclipse and the inclination angle of Her X-1 system is very large (i 85 ), some amount of the X-ray scattering region needs to be extended beyond the extent of the companion star (5:4 10 11 cm). This is much larger than the Roche lobe of Her X-1. Therefore, it is likely that the plasma is not bounded in the system and is continuously out owing. Schandl & Meyer (1994) suggested that the tilt and twist of the accretion disk of Her X-1 could be formed by coronal wind, _ M w 1 10 ?8 M yr ?1 , which exerts a repulsive force on the disk. According to their calculations, the wind loss is about 2.5{3 times the accretion rate required to generate the X-ray luminosity (L x = 2:5 10 37 ergs s ?1 in the range of 0.5{60 keV). If we assume that the X-ray scattering plasma, whose column density is 4 10 21 cm ?2 , extends to the size of the Roche lobe and is escaping from the system at the escape velocity ( 4 10 7 cm/sec), the mass-loss rate would be of order 10 ?8 M yr ?1 . This is consistent with the mass-loss rate of the coronal wind. From this agreement, we conclude that scattering of the source X-rays by the out owing coronal wind is responsible for the eclipse emission.
The eclipse ux we obtained is smaller than that obtained by Ginga in MAIN HIGH state by a factor of 3. If this di erence is interpreted as purely a geometrical e ect, two thirds of the eclipse ux in MAIN HIGH should be intercepted by the tilted accretion disk, which is the cause of the LOW state. However, such interpretation may be di cult, because the extent of the companion star is about twice as large as that of the accretion disk (3:2 10 11 cm). According to the ve eclipses observed by Ginga in MAIN/SHORT HIGH states, the eclipse ux is variable by a factor of 7 (Leahy 1995) . The eclipse ux variations are not a smooth function of orbital phase. These variations are interpreted as the evidence that the X-ray scattering region is time variable. A factor of 3 reduction of the eclipse ux by ASCA compared to the Ginga results is readily understood as the time variations of the scattering site. The long egress of the second observation may also be related to the time variation of the scattering site.
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